Abstract
Growout at 3 g kg -1 ), probiotic pulse feeding (alternating weekly between AquaStar ®
96
Growout feeding at 1.5g kg -1 and control feeding) and lastly initial probiotic feeding (first 97 two weeks AquaStar ® Growout feeding at 1.5g kg -1 followed by remainder of the trial on the 98 control diet). Diet codes were assigned for ease of analysis ( Table 2 ). Fish were fed 99 experimental diets for six weeks at a rate of 1-5% biomass per day in four equal rations (all 100 treatments received the same % input each day); higher feeding rates were provided at the 
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into two samples (thus n = 4) to determine final carcass composition. Proximate composition 118 analysis was conducted according to AOAC protocols [21] .
120

RT-PCR
121
The mid-intestine was sampled from four fish per tank (n = 8) for gene expression of caspase-122 3, PCNA, HSP70, TLR2, TGFβ, IL-10, TNFα and IL-1β after six weeks. Total RNA was 123 extracted using TRIzol (Invitrogen) according to the manufacturer's protocol as described in 124 Rawling et al. [22] with the addition of an extra isopropanol step. RNA concentration and 125 purity was measured spectophotometrically (NanoDrop Technologies) and RNA integrity 126 was checked by running each sample on a 1% agarose gel. Any samples with DNA 127 contamination were cleaned using RNeasy MiniElute Cleanup Kit (Qiagen). RNA samples
128
were subsequently stored at -80°C until use.
129
A total concentration of 1 µg of RNA was used for cDNA synthesis using iScript cDNA Table 3 . PCR reactions were run in duplicate (total reaction volume = 7.5 µl)
134
were set on a 384-well plate and each reaction consisted of 2 µl of cDNA (1/10 dilution), analyses were performed in all cases to check for a single peak. GAPDH, β-actin and EF1-α M A N U S C R I P T
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were all assessed as reference genes. Reference genes were imported into GeNorm (v 3.4,
142
Center for Medical Research, Ghent University, Belgium) to assess the optimal number, and At week six, digesta samples (n = 4) were used for culture independent analyses. DNA was 179 extracted using the QIAamp Stool Mini Kit (Qiagen) with a lysozyme pre-treatment (50 mg 180 mL -1 in TE buffer for 30 min at 37°C) and a phenol-chloroform clean up, as described [28] .
181
PCR amplification of the 16S rRNA V3 region was conducted using the reverse primer P2
182
and the forward primer P3 [29] . A 40-60% DGGE was performed, and presumptive probiotic 183 bands extracted, using a DCode Universal Mutation Detection System (Bio-Rad laboratories,
184
Italy) according to Merrifield et al [30] . The presumptive probiotic nucleotide sequences
185
were submitted to a BLAST search to retrieve the closest known alignment identities. any treatment (P = 0.054, 0.190 and 0.237, respectively). Additionally, there were no 207 significant differences in carcass proximal composition (Table 4) . 
Intestinal histology
230
Light microscopy was used to examine the perimeter ratio, IEL and goblet cell levels from 231 the mid-intestine (Table 5) . Fish from all dietary treatments had an intact epithelial barrier Table 5 ).
244
Culture dependent analysis
245
The effect of AquaStar ® Growout treatment on the aerobic heterotrophic bacteria was 246 determined using culture based methods (Table 6 ). No significant differences were observed 247 in TVC levels between the treatments with allochthonous levels approximately log 6 CFU g -1
248
for each treatment (P = 0.993). The highest LAB levels were observed in the digesta of PRO-249 3 fed tilapia, these were significantly higher than of CON and PRO-INI (P = 0.006).
250
Similarly, PRO-3 resulted in the highest Bacillus levels which were significantly higher than where high stocking densities and water quality can be problematic. Therefore, both an 328 elevated proliferative and apoptotic capacity is likely to be beneficial to the host.
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329
The gut associated lymphoid tissue (GALT) in fish differs from their mammalian cytokines, chemokines and defensins [9] .
338
TLR2 gene expression was up-regulated in PRO-3 when compared with the control treatment. 
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probiotic feeding [10] [11] [12] [13] [14] [15] consequently the tilapia survival levels were significantly higher when exposed to A.
361
hydrophila [12, 15] .
362
The current study also demonstrated that the probiotics also have anti-inflammatory 
366
This has been demonstrated in other fish studies where TGFβ was up-regulated after 367 probiotic administration [11, 12] . To the authors knowledge this is the first study to 368 demonstrate probiotic modulation of IL-10 in the intestine of tilapia after probiotic feeding.
369
However, similar results have been reported in rainbow trout after L. plantarum 370 supplementation [47] . acidilactici or Lactobacillus rhamnosus for six weeks and 30 days, respectively [10, 14] .
375
Probiotic administration has led to increased IEL abundance in other commercially important 376 fish species including European sea bass (Dicentrarchus labrax) and gilthead sea bream
377
(Sparus aurata) [48, 49] . Whilst the type of IEL cannot be eluded to in this study, Picchietti since it functions to trap and remove pathogens, preventing their attachment to the epithelia.
386
Dietary applications of L. rhamnosus and P. acidilactici have also been reported to increase 387 the number of goblet cells in the tilapia intestine [14, 50] .
388
This study was successful in recovering each probiotic species from tilapia digesta, a 
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